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ABSTRACT
Mattirolomyces is an edible commercial sequestrate genus that is globally distributed.
From the five described taxa of this genus, Mattirolomyces terfezioides is the most
common species in Asia. Our recent attempts to locate M. terfezioides outside its
current distribution area in China documented its first records in areas of poplar
trees with the lowest known temperature and precipitation averages ever recorded for
this species. This peculiar ecology was not reflected on the species-morphological
features nor on its phylogenetic position in the genus. The first attempt to apply the
phylogenetic network approach to Mattirolomyces revealed its geographic origin in
the Asian-Pacific areas prior to frequent long-distance migration events. Based on
data from recent study areas, we found that the collections from Inner Mongolia and
the Shanxi province were similar to European collections. Asian haplotypes were less
distant from the outgroup comparing to collections from Europe, supporting the
hypothesis that M. terfezioides was originated from this Chinese area and was
subsequently transported to Europe. Exploring M. terfezioides ecology and its
mycorrhiza potential to grow in association with poplars would be of great
importance for planning cultivation projects of this valuable desert truffle species in
Central and Eastern China, a currently underexploited economic sector that deserves
further ecological and M. terfezioides mycorrhizal synthesis investigations.
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INTRODUCTION
The genus Mattirolomyces (Tuberaceae, Pezizales) was called the “Mattirolo fungus” by
Fisher in 1938 after Mattirolo which was the first to describe the type species of this genus.
This last species Mattirolo named in 1887 as Choiromyces terfezioides (Fischer, 1938),
however,Moreno, Alvarado & Manjón (2012) confirmed later its separate generic position
from the genus Choiromyces. The type specimen was firstly collected from clay agricultural
soils in a non-typical ecological location in Piemonte, Northern Italy, and was considered
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at that time as a potential symbiotic partner of Prunus avium (Mattirolo, 1887).
The Mattirolomyces taxon belongs to the ascomycetous desert truffles. All known species
of this genus form sequestrate to hypogeous sporocarps (Fischer, 1938). Currently, five
species in the genus Mattirolomyces have been shown to have a wide geographical
distribution, commonly collected from areas with low and variable average rainfall and
high summer temperatures (Kagan-Zur et al., 2014). The type species of the genus
Mattirolomyces terfezioides (Mattir.) E. Fisch was recorded in Europe and Asia (Fischer,
1938); Mattirolomyces spinosus (Harkn.) Kovács, Trappe & Alsheikh was collected in
North America and Pakistan (Kovács et al., 2011); Mattirolomyces mulpu Kovács, Trappe
& Claridge was reported from Australia (Trappe, Kovács & Claridge, 2010);Mattirolomyces
austroafricanus (Marasas & Trappe) Kovács was found from South Africa (Trappe, Kovács
& Claridge, 2010); and Mattirolomyces mexicanus Kovács, Trappe & Claridge was
described in Mexico (Kovács et al., 2011). The distribution pattern of these five species
suggests a wide geographical (presumably global) range of the genus (Kagan-Zur et al.,
2014) with most records coming from Eastern and Southeastern Europe (Glejdura &
Kunca, 2012; Kagan-Zur et al., 2014; Assyov & Slavova, 2016).

The desert regions of the Southern Hemisphere have low and variable average rainfall
and high summer temperatures.Mattirolomyces spp. and other desert truffles species have
a long history of regular hunt and harvest for human consumption since prehistoric times
(Trappe, Kovács & Claridge, 2010). However, M. terfezioides is rarely recognized as a
valuable commercial species in Europe and Asia (Boa, 2004). Mattirolomyces spp.
sporocarps are traditionally collected, sold, and consumed under the name Terfezia
terfezioides (Mattir.) Trappe (Trappe, 1971), a synonym of Mattirolomyces terfezioides.
Despite their great values as mycorrhizal species and culinary delicacy, this species is not
well-known in the Northern Hemisphere (Kovács, Jakucs & Bagi, 2007). Most available
collections of M. terfezioides are from Hungary (Europe) and Northern China, namely
Beijing, Hebei Province, and Shanxi Province. Most of the Chinese collections date back
several decades, with the most recent dating to 1986 (Wang, Liu & Sun, 2017).
The economic and culinary value of the Chinese M. terfezioides collections have not yet
been evaluated. Furthermore, this species has been considered long-lost in China by many
mycologists.

We were motivated by a recently discovered M. terfezioides collection from the desert
areas of Inner Mongolia, China to revive the study of the Chinese genus, characterize the
current ecological span of the species, and prepare a morphology-based description of the
Chinese collection. Due to a low number of records and available nucleotide sequences, no
phylogeographic insight into the genus is currently available. Therefore, we aimed to
position the Chinese collections of M. terfezioides in a phylogenetic network of the whole
genus, focusing on the relationship between the Chinese collections and the collections
from other areas worldwide, in order to ultimately hypothesize the genus’s geographic
origin.
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MATERIALS AND METHODS
Study site and sampling
The most temperate continental part of China, Inner Mongolia, has a cold semi-arid (BSk)
to cold desert (BWk) climate (Peel, Finlayson &Mcmahon, 2007). Although the occurrence
ofMattirolomyces was not previously recorded in this area, the genus was found in most of
its neighboring provinces, which indicated its potential for fruiting in Inner Mongolia as
well. Sporocarps were primarily sought for in ecosystems that were suitable for
Mattirolomyces (Kagan-Zur & Akyuz, 2014). When selecting sampling microlocations, we
targeted the known ectomycorrhizal partner sites with pines and black locusts (Kagan-Zur
& Akyuz, 2014), as well as young plantations of Populus alba L. ssp. pyramidalis (Bunge)
W.Wettst. at various locations in the Baotou area, Inner Mongolia, China, between
September and October 2018 and 2019.

The main climatic characteristics of the broader area where M. terfezioides was
repeatedly collected were: an elevation of about 1,070 m in the surveyed area, average
temperature of around 8.5 �C, lowest temperature of minus 27.6 �C, and highest
temperature of 40.4 �C. The average annual rainfall in this area over the last 18 years is
301.6 mm (the minimum rainfall was 175.9 mm in 2005, and the maximum rainfall was
465.2 mm in 2003). The average annual rainfall in 2018 and 2019 was 364.8 and 327.6 mm,
respectively, according to data from Inner Mongolia Meteorology. The soils are sandy,
hyphal aggregates connected the roots with above ground parts of the plants, and the
sporocarps of this fungus developed from the hyphal aggregates.

Sporocarps were collected by racking the soils following procedure in Castellano,
Trappe & Luoma (2004). All sporocarps were photographed in situ with a Canon EOS 60D
camera (Canon, Tokyo Japan), then dried in a forced-air dryer and kept in the Herbarium
and Fungarium of Baotou Teachers’s College under accession number Fan0273.

Determining soil physical and chemical properties
The soil samples were taken from the immediate vicinity of the fruiting sporocarps to a
depth of 10 cm. Soil pH was measured in 1M KCl (1;5 w/v). Organic C and total N were
analyzed using the CHNS-analyzer system (Elementar Analysen Systeme GmbH, Hanau,
Germany) with the burning method at 450 �C and 1,250 �C, respectively (Liu et al., 2012).
We determined total organic matter, available phosphorus content, and available
potassium as well as the total content of water-soluble salts following the standardized
operation procedures (Pansu & Gautheyrou, 2007).

Morphological observation
The macro-morphological characterization of ascomata was performed using a
stereomicroscope (Motic K400; Motic Asia, Kowloon, Hong Kong) following the
Mattirolomyces morphological characters description of Kovács et al. (2011).
The micro-morphological features were determined on 30 spores and asci using a light
microscope (Motic BA410E with a Moticam2506 camera; Motic Asia, Kowloon, Hong
Kong). Melzer’s reagent and Cotton blue chemical reactions were also used in order to
improve the morphological identification. The spore morphology and ornamentation were
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examined using scanning electron microscopy (SEM).The observations were performed on
a desiccated spore suspension coated with platinum-palladium using a vacuummetallizing
machine (Hitachi E-1010; Hitachi, Tokyo, Japan). Electron microscope images were
obtained with a Hitachi S-530 (Hitachi, Tokyo, Japan) scanning electron microscope.

DNA extraction, PCR amplification, and sequencing
DNA extraction, PCR amplification of the complete rDNA ITS region using primers
ITS1f/ITS4 (White et al., 1990) and Taq PCR Master Mix (Biobasic, Markham, ON,
Canada) as well as sequencing were carried out according toWang, Liu & Sun (2017). PCR
products were purified and sequenced at the Chengdu Institute of Biology, Chinese
Academy of Sciences, Chengdu, Sichuan, China. The rDNA ITS sequence obtained in the
present study was deposited in GenBank under the accession number listed in Table 1.

Phylogenetic analyses
Available and compete nuclear rDNA ITS sequences from the genus Mattirolomyces were
retrieved from GenBank (Benson et al., 2013) and UNITE databases (Kõljalg et al., 2013)
on December 12, 2019. We conducted a nucleotide search using the basic local alignment
search tool (BLAST) with our representative sequence to found additional sequences that
were potentially misnamed in the searched databases. A localMattirolomyces spp. nuclear
rDNA ITS sequence database was built based on available and reliable sequences, and we
selected environmental parameters from the corresponding original papers of the
sequences or directly from online databases (Table 1), with meteorological data from the
latest FLUXNET synthesis dataset, the FLUXNET2015 database (http://fluxnet.fluxdata.
org/data/fluxnet2015-dataset/data-processing/).

DNA sequences were assembled in BioEdit v5.0.9 (https://bioedit.software.informer.com).
MEGA7.0 software (Kumar, Stecher & Tamura, 2016) was then used for multiple sequence
alignment and phylogenetic analysis. The internal MEGA7 plug-ins were used for sequence
alignment (ClustalW), testing for the best nucleotide substitution model (Model Test),
maximum likelihood phylogenetic analysis (ML phylogenetic analysis), and construction of
the phylogenetic tree. Kimura’s 2-parametric model was selected as the best model for a
distance calculation of a given dataset. In order to evaluate the stability of the ML
evolutionary tree topology, 1,000 bootstrap repetitions were run. Using the Bayesian method,
we calculated Bayesian inference with MrBayes v. 3.1.2 (Ronquist & Huelsenbeck, 2003) and
anHKY+Gmodel. FourMarkov chains were run for two runs from random starting trees for
1 million generations, until the split deviation frequency value <0.01. Every 100th generation
was sampled. The Bayesian inference tree was visualized in FigTree 1.4.2. Branches that
received bootstrap from ML ≥60% and Bayesian posterior probabilities (BPP) ≥0.95 were
considered significantly supported.

For the phylogenetic network analysis, the same nucleotide dataset was realigned in
MAFFT v. 7.304b (Katoh & Standley, 2013) and analyzed with a Median joining approach
in Network5 (Bandelt, Forster & Röhl, 1999). The phylogenetic network constructed in
Network5 was modified and annotated in the GNU General Public License program
Inkscape 0.91 (https://inkscape.org/release/inkscape-0.91/).
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Table 1 Collected information of Mattirolomyces terfezioides nuclear rDNA ITS sequence generated in the present work and ITS sequences
from the genus Mattirolomyces used in this study retrieved from GenBank or UNITE databases.

Species GenBank
accession
numbers

Geographic origin Climate (Köppen-Geiger
climate classification)

Potential(*)
symbiotic partners

Sequence reference

Mattirolomyces
terfezioides

KT963177 China, Hebei Province, Wanxian Dwa Robinia
pseudoacacia

Wang, Liu & Sun
(2017)

Mattirolomyces
terfezioides

KT963175 China, Beijing City Dwa Robinia
pseudoacacia

Wang, Liu & Sun
(2017)

Mattirolomyces
terfezioides

AJ305170 Italy, Ravenna Cfa n/a Kovács et al. (2001)

Mattirolomyces
terfezioides

AJ305169 Hungary, Great Hungarian Plain,
Kunfehértó

Cfb n/a Kovács et al. (2001)

Mattirolomyces
terfezioides

AJ272442 Hungary, Great Hungarian Plain,
Őrbottyán

Dfa/Dfb n/a Kovács et al. (2001)

Mattirolomyces
terfezioides

AJ305045 Hungary, Great Hungarian Plain,
Mogyoród

Dfa/Dfb n/a Kovács et al. (2001)

Mattirolomyces
terfezioides

AJ272443 Hungary, Great Hungarian Plain,
Gyál

Dfa/Dfb n/a Kovács et al. (2001)

Mattirolomyces
terfezioides

AJ306556 Hungary, Great Hungarian Plain,
Kunfehértó

Cfb n/a Kovács et al. (2001)

Mattirolomyces
terfezioides

AJ272444 Hungary, Great Hungarian Plain,
Őrbottyán

Dfa/Dfb n/a Kovács et al. (2001)

Mattirolomyces
terfezioides

AF276681 Hungary, Surány Dfa n/a Díez, Manjon &
Martin (2002)

Mattirolomyces
terfezioides

AJ272445 Hungary, Sülysáp Dfa/Dfb n/a Kovács et al. (2001)

Mattirolomyces
terfezioides

GQ231754 France, Provence-Alpes-Côte
d’Azur, Le Thor

Csa n/a Trappe, Kovács &
Claridge (2010)

Mattirolomyces
terfezioides

AJ306555 Hungary, Great Hungarian Plain,
Kunfehértó

Cfb n/a Kovács et al. (2001)

Mattirolomyces
terfezioides

AF276680 Hungary, Csomád Dfa n/a Kovács et al. (2001)

Mattirolomyces
terfezioides

KT025693 South Korea, Buk-myeon, Taean-
gun

Dwa Robinia
pseudoacacia

Ka et al. (2015)

Mattirolomyces
terfezioides

KT963176 China, Shanxi Province, Taiyuan BSk Robinia
pseudoacacia

Wang, Liu & Sun
(2017)

Mattirolomyces
terfezioides

JF908728 Italy n/a n/a Osmundson et al.
(2013)

Mattirolomyces
terfezioides

AJ875015 Hungary Dfa/Dfb Robinia
pseudoacacia

Bratek et al. (1996)

Mattirolomyces
terfezioides

KT963178 China, Shanxi Province, Taiyuan BSk Robinia
pseudoacacia

Wang, Liu & Sun
(2017)

Mattirolomyces
terfezioides

AJ875016 Hungary Dfa/Dfb Robinia
pseudoacacia

Bratek et al. (1996)

Mattirolomyces
terfezioides

MN619773 China, Inner Mongolia, Baotou BSk Populus alba L. ssp.
pyramidalis

this study

Mattirolomyces
spinosus

HQ660384 Pakistan, Punjab, Sheikhupura BSh n/a Kovács et al. (2011)

(Continued)
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RESULTS
Taxonomy
Over 2 years of hunting for hypogeous fungi in Mattirolomyces-like habitats, we collected
two independent collections made up of a total of 32 sporocarps, all from Populus alba ssp.
pyramidalis plantations.

The morphological description of the collections from Inner Mongolia affiliate them to
Mattirolomyces terfezioides (Mattir.) E. Fisch., as described by Fischer (1938). Ascomata
(fresh specimens, Fig. 1A) were hypogeous or subepigeous, 4–5 cm in diam., subglobose to
irregular massy, white, surface smooth to scabrous, lobed and furrowed; gleba solid, firm
with minute pockets, white with narrow white veins (Fig. 1C). Taste and odor were
strongly sweet when fresh. Dark brown nombril (0.5–1.0 cm in diam.) was found in some
specimens as hyphal aggregates, attached with the base of the sporocarps (Fig. 1B).
Paraphyses were absent.

Microscopic features: peridium thin, 120–280 mm thickness, not differentiated from the
gleba, composed of inflated hyphae and irregular, hyaline cells; gleba composed of
interwoven septate hyphae 7.5–11(20) mm broad, with some free hyphal ends; asci
randomly arranged in gleba, 8- or 10-spored, hyaline, globose to ellipsoid, pockety, saccate,
cylindrical or clavate, (55) 65–95 (117) × (26) 35–45 (60) mm, sessile or occasionally
sub-stipitate with a short stalk, disintegrating with age, thin walled, readily separable from
gleba hyphae, nonamyloid (Figs. 1D and 1E); ascospores hyaline to pale yellow, globose,
(12) 14–19 (22) mm in diam. excluding the ornamentation (Figs. 1D and 1E);
ornamentation of blunt spines connected in an irregular alveolate reticulum, 1–4 mm high,
mostly have a de Bary bubble and are uniguttulate, walls 1.5–2 mm thick (Fig. 1F).

Table 1 (continued)

Species GenBank
accession
numbers

Geographic origin Climate (Köppen-Geiger
climate classification)

Potential(*)
symbiotic partners

Sequence reference

Mattirolomyces
mexicanus

HQ660378 Mexico, Nuevo Leon, Guadalupe BSh n/a Kovács et al. (2011)

Mattirolomyces
spinosus

HQ660381 USA, Louisiana, Natchitoches Cfa n/a Kovács et al. (2011)

Mattirolomyces
austroafricanus

GQ231752 South Africa, Northern Cape
province, Barkly West

BSh n/a Trappe, Kovács &
Claridge (2010)

Mattirolomyces
mulpu

GQ231739 Australia, Northern Territory Bwh n/a Trappe, Kovács &
Claridge (2010)

Elderia arenivaga
(outgroup)

GQ231736 Australia, Northern Territory,
Alice Springs Desert Park

Bwh n/a Trappe, Kovács &
Claridge (2010)

Elderia arenivaga
(outgroup)

GQ231733 Australia, South Australia, Great
Victoria Desert

Bwh/Bwk n/a Trappe, Kovács &
Claridge (2010)

Notes:
n/a, not available.
Species names and GenBank accession numbers were supplemented with geographic origin of the collection, climate, potential host plants and other site data, if available.
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In terms of ecology, all collections were found in the vicinity of Populus alba L. ssp.
pyramidalis (Bunge) W.Wettst. Soils were sandy to finely sandy with a history of extensive
management practices. Soils have relatively high water-soluble salt content (1.29 g kg−1),
neutral pH (7.34), containing 1.49 g kg−1 of total nitrogen, 46.4 mg kg−1 of available
phosphorus, and 29.82 g kg−1 of organic matter. The average annual precipitation for the
collections from the sampled region of Inner Mongolia (area of the Bao Tou City) were
more similar to European collections, Mediterranean collections from several countries,
and Continental collections from Hungary, than to other Asian collections (Table 1,
Fig. 2). The Inner Mongolian collections were from sites with larger winter/summer
temperature differences and lower winter rainfall averages when compared to the other
collections included in this study (Fig. 2).

Figure 1 Macro-and micromorphological characteristics of Mattirolomyces terfezioides.
(A) Ascocarps in situ; (B) nombril attached to the ascocarp; (C) gleba; (D, E) asci and spores;
(F) spore with warty, blunt spines (scanning electron micrograph).

Full-size DOI: 10.7717/peerj.13511/fig-1
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Phylogenetic analysis
Bayesian and ML phylogenetic analyses resulted in a strongly supported, topologically
identical phylogenetic tree with a well-supported major clade containing the studied
specimen from Inner Mongolia which clustered together with other M. terfezioides from
China, Hungary, Italy, and South Africa (Fig. 3).

A phylogenetic network analysis (Fig. 4) separated all the five recognized taxa in the
genus Mattirolomyces with an unexpected higher diversity displayed in M. terfezioides.
The phylogenetic distance of the outgroup (Elderia arenivaga) from the genus
Mattirolomyces indicated a poor yet the most optimal selection regarding the available taxa
and their sequences. At the base of the Mattirolomyces cluster, three lineages were
disclosed. The first lineage led to three clusters: one directed to South Africa with
M. austroafricanus, the second with a more basal position of M. spinosus from south Asia
(the collection was from Pakistan), and a phylogenetically close collection from the United
States, with a distinct sub-cluster of closely related M. mexicanus from Mexico and
distantly-related (based on the comparison of the number of mutated sites)M. mulpu from
Australia. For all four mentioned recent taxa, the number of available nucleotide sequences
was low. The third lineage formed a cluster of M. terfezioides that showed higher
intraspecific diversity and a recognizable geographic pattern with more basal haplotypes
from China, followed by collections from S. Korea. At this point of evolution, there was a
jump of haplotypes from Asia (China) to Europe (Hungary, Italy, France), and no
supported intra-Europe geographic pattern was recognized.

DISCUSSION
Mattirolomyces terfezioides is a commonly collected edible hypogeous fungus best known
for its traditional use in the desert regions of the Southern Hemisphere (Trappe, Kovács &
Claridge, 2010). Although it has been used for culinary purposes since ancient Persian
Empire (ibid.), its recent distribution outside its optimal ecological zone has not been
explored. There are two well-recognized areas of distribution: the Mediterranean and

Figure 2 Average monthly precipitation and temperature for different area. Average monthly precipitation (right) and average monthly
temperature (left) for the Chinese (Baotou) (black solid line), other Asian (dark grey), and European (light gray) collections of Mattirolomyces
terfezioides. Full-size DOI: 10.7717/peerj.13511/fig-2
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Pannonian basin in Europe (Kagan-Zur et al., 2014; Kovács et al., 2001) and Beijing, along
with neighboring regions in China. The taxonomic characteristics of the Inner Mongolian
collections fit well in the concept of the Mattirolomyces terfezioides morphological species
(Fischer, 1938;Mattirolo, 1887) and also the phylogenetic species (Díez, Manjon &Martin,
2002).

We present the first example of a global phylogenetic network study of the genus
Mattirolomyces and its corresponding geographic distribution pattern in M. terfezioides.
Phylogenetic networks are known to give a better insight into species ecology and
distribution (Fig. 4), an approach frequently used for its ability to visualize evolutionary
relationships between nucleotide sequences and depict microevolution events such as the

Figure 3 Phylogram of the genus Mattirolomyces based on the sequence dataset of the complete ITS
region with Elderia arenivaga as outgroup. Bootstrap values (ML)/posterior probabilities (from
Bayesian inference) are shown above or beneath individual branches. Only bootstrap values larger than
60 and posterior possibilities over 0.95 are shown. Bar = 2 changes/100 characters.

Full-size DOI: 10.7717/peerj.13511/fig-3
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Figure 4 A rooted phylogenetic network of Mattirolomyces based on the sequence dataset of the
complete ITS region. Black dots represent recent taxa, gray dots represent ancestral stages/nodes.
The M. terfezioides rDNA ITS sequence obtained in the present study is indicated by a black triangle.
Values on mutation vectors represent the number of mutations between two nodes. Names of existing
taxa and their geographic origin (country of collections) are given. Phylogenetic network was constructed
and tested with a median joining approach. Full-size DOI: 10.7717/peerj.13511/fig-4
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geographical distribution of populations (Huson & Bryant, 2006). The geographic
distribution of Mattirolomyces indicates that the origin of the genus was the current
Asia-Pacific areas prior to frequent long-distance migration events, one of which brought
M. terfezioides to eastern and Northern China. Based on the ecology of recently studied
areas, the collections from Inner Mongolia and the Shanxi province were both similar to all
European collections and also shared the same node in the phylogenetic networks. This
supported the idea that climatic conditions were an important evolutionary drive in this
species, and that the European M. terfezioides species were probably originated from the
China area in Asia. M. terfezioides haplotypes from Europe appeared to form more
terminal leaves on the network, indicating their more recent arrival to this area, which is
additionally supported by the unresolved haplotype distribution between two main
suitable habitats: Mediterranean areas and the Pannonian basin (Kovács et al., 2001).
The observed diversification and lack of any further geographic or ecological
microevolutionary structure in the European haplotypes in the more terminal leaves of the
network additionally support the theory ofM. terfezioides recent arrival to this area and/or
lack of evolutionary pressure.

Our collections are originated from the continental steppe areas of Inner Mongolia in
China, an area characterized by cold semi-arid climates with hot dry summers and cold
winters with little snowfall, classified as BSk according to the Köppen-Geiger climate
classification, and where climate-related indicators point towards a severe spatial
desertification risk (Spinoni et al., 2015). Presently, the area still experiences little rainfall
with a low average yearly precipitation and lower average yearly temperatures and winter
extremes (>5 degrees lower) compared to any other known Mattirolomyces terfezioides
areas. Our findings indicated that this species survives in dryer and colder conditions, at
least outside its fruiting period, than previously reported (Gógán Csorbainé et al., 2008),
and is becoming further endangered due to projected future climate changes (He et al.,
2019). The same collections also showed ecological discrepancies from other currently
known species ecologies. Mattirolomyces terfezioidesis usually found under Robinia
pseudoacacia L., but rarely under artificially planted Diospyros kaki Thunb., Prunus avium
(L.) L. or diverse families of Leguminosae, Ebenaceae, and Rosaceae in Southern and
Central Europe and in Northern China (Fischer, 1938; Bratek et al., 1996; Wang, Liu &
Sun, 2017). R. pseudoacacia is native to the Southern Appalachian and Ozark Mountains of
the United States (Huntley, 1990), and was introduced to Europe, Asia, Australia, South
America, and Africa mainly as an ornamental plant, or was cultivated to revegetate
disturbed sites or for agricultural and commercial uses in recent centuries (Keresztesi,
1988). Its mycorrhizal association withMattirolomyces terfezioides is most likely secondary
since phylogeographically basal haplotypes ofM. terfezioides originated from Asia and not
from North America. All ourM. terfezioides were collected close to poplars, including pure
poplar plantations. As far as we know, this is the first study that shows thatM. terfezioides
is potentially associated with Populus alba, a tree species in the family of Salicaceae with a
wide distribution in Europe and central Asia (Palancean et al., 2018). Populus spp. are
among ectomycorrhizal hosts for M. terfezioides, despite Populus spp. form a dual
mycorrhiza with the ratio between ectomycorrhiza and arbuscular mycorrhiza depending

Wei et al. (2022), PeerJ, DOI 10.7717/peerj.13511 11/16

http://dx.doi.org/10.7717/peerj.13511
https://peerj.com/


on specific soil conditions (Neville et al., 2002). Since the European poplar species are most
closely related to the Asian species (Cervera et al., 2005), they could be potential
mycorrhizal partner for the European M. terfezioides species.

In addition, climate change, recent industry, urbanization, and other land use
conversion factors are threatening the survival ofM. terfezioides in the wild, and maybe the
reason for its long-lost status in China. Populus spp. have only recently become the
dominant species in Northern China and are mainly used for the restoration of degraded
arid and semi-arid landscapes, combating desertification, and drought resilience strategies
(FAO, 2016). All Populus-planted areas are sites where M. terfezioides has a potential to
grow. These areas may also serve to protect and preserve this rare desert fungus, as long as
suitable agricultural practices for its cultivation are developed and supported, especially in
rural, arid, and semiarid areas. However, M. terfezioides in China, especially among the
Mongol people, remains underexploited and would require further ecological and
M. terfezioides mycorrhizal synthesis investigations in order to fully develop agricultural
practices for its sustainable cultivation. M. terfezioides could become an excellent model
not only to develop local economy in rural areas, but also to highlight the importance of
non-timber forest-related products in otherwise industrial forest tree plantations.

CONCLUSION
The first record ofM. terfezioides and its distribution in Inner Mongolia outside its current
distribution area in China with the lowest known temperature and precipitation averages
for this species. Our first attempt at phylogenetic network analysis in the genus
Mattirolomyces revealed its geographic origin was in Asia-Pacific areas prior to frequent
long-distance migration events. M. terfezioides seems to be originated from Inner
Mongolia and the Shanxi province of China in Asia and was subsequently transported to
Europe. Exploring M. terfezioides ecology and its potential to grow with poplars also
increase its potential for cultivation and consumption in Central and Eastern China. This
is a completely underexploited possibility among Mongols in China, and it deserves
further ecological and mycorrhizal investigations on M. terfezioides in arid areas of China
which should be carried out in the near future.

ACKNOWLEDGEMENTS
We thank Dr. Xiaojuan Huang for its help with meteorological data collection.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
The study was financially supported by the Natural Science Foundation of Inner Mongolia
(No. 2020MS03001), the Educational Commission of Inner Mongolia (No. NJYT-18-A21),
the Science and technology project of Inner Mongolia (No. 2019GG002), and the Research
fund for young teachers of College of Forestry, Inner Mongolia Agricultural University.
Slovenian Partner was co-financed by the research project J4-1766 “Methodology
approaches in genome-based diversity and ecological plasticity study of truffles from their

Wei et al. (2022), PeerJ, DOI 10.7717/peerj.13511 12/16

http://dx.doi.org/10.7717/peerj.13511
https://peerj.com/


natural distribution areas” and the Research Program in Forest Biology, Ecology and
Technology (P4-0107) of the Slovenian Research Agency. We thank Dr. Xiaojuan Huang
for meteorological data collection. The funders had no role in study design, data collection
and analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Natural Science Foundation of Inner Mongolia: 2020MS03001.
Educational Commission of Inner Mongolia: NJYT-18-A21.
Science and Technology Project of Inner Mongolia: 2019GG002.
Inner Mongolia Agricultural University.
Research Project J4-1766 “Methodology approaches in genome-based diversity and
ecological plasticity study of truffles from their natural distribution areas”.
Research Program in Forest Biology, Ecology and Technology (P4-0107).

Competing Interests
The authors declare that they have no competing interests.

Author Contributions
� Jie Wei conceived and designed the experiments, analyzed the data, prepared figures
and/or tables, authored or reviewed drafts of the article, and approved the final draft.

� Tine Grebenc analyzed the data, prepared figures and/or tables, and approved the final
draft.

� Xuan Zhang performed the experiments, prepared figures and/or tables, and approved
the final draft.

� SiMin Xiang performed the experiments, authored or reviewed drafts of the article, and
approved the final draft.

� Yongjun Fan conceived and designed the experiments, performed the experiments,
analyzed the data, prepared figures and/or tables, authored or reviewed drafts of the
article, and approved the final draft.

DNA Deposition
The following information was supplied regarding the deposition of DNA sequences:

The sequence is available at GenBank: MN619773.1.

Data Availability
The following information was supplied regarding data availability:

The raw measurements are available in the Figs. S1–S7 and Table 1.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.13511#supplemental-information.

Wei et al. (2022), PeerJ, DOI 10.7717/peerj.13511 13/16

http://www.ncbi.nlm.nih.gov/nuccore/MN619773.1
http://dx.doi.org/10.7717/peerj.13511/supp-1
http://dx.doi.org/10.7717/peerj.13511/supp-7
http://dx.doi.org/10.7717/peerj.13511#supplemental-information
http://dx.doi.org/10.7717/peerj.13511#supplemental-information
http://dx.doi.org/10.7717/peerj.13511
https://peerj.com/


REFERENCES
Assyov B, Slavova M. 2016. First Bulgarian collections ofMattirolomyces terfezioides (Pezizaceae),

a potentially valuable hypogeous fungus. Phytologia Balcanica 22(3):303–307.

Bandelt HJ, Forster P, Röhl A. 1999. Median-joining networks for inferring intraspecific
phylogenies. Molecular Biology and Evolution 16(1):37–48
DOI 10.1093/oxfordjournals.molbev.a026036.

Benson DA, Cavanaugh M, Clark K, Karsch-Mizrachi I, Lipman DJ, Ostell J, Sayers EW. 2013.
GenBank. Nucleic Acids Research 41(D1):D36–D42 DOI 10.1093/nar/gks1195.

Boa E. 2004. Wild edible fungi: a global overview of their use and importance to people. In: Non-
wood Forest Product series No. 17. Rome: FAO Publication, 147.

Bratek Z, Jakucs E, Boka K, Szedlay G. 1996. Mycorrhizae between black locust (Robinia
pseudoacacia) and Terfezia terfezioides. Mycorrhiza 6(4):271–274 DOI 10.1007/s005720050136.

Castellano MA, Trappe JM, Luoma DL. 2004. Sequestrate fungi. In: Foster MS, Mueller GM,
Bills GF, eds. Biodiversity of Fungi: Inventory and Monitoring Methods. Burlington: Academic
Press, 197–213.

Cervera MT, Storme V, Soto A, Ivens B, Van Montagu M, Rajora OP, Boerjan W. 2005.
Intraspecific and interspecific genetic and phylogenetic relationships in the genus Populus based
on AFLP markers. Theoretical and Applied Genetics 111(7):1440–1456
DOI 10.1007/s00122-005-0076-2.

Díez J, Manjon JL, Martin F. 2002. Molecular phylogeny of the mycorrhizal desert truffles
(Terfezia and Tirmania), host specificity and edaphic tolerance. Mycologia 94(2):247–259
DOI 10.1080/15572536.2003.11833230.

FAO. 2016. Poplars and other fast-growing trees-renewable resources for future green economies.
Synthesis of Country Progress Reports. 25th Session of the International Poplar Commission,
Berlin, Germany, 92–93.

Fischer E. 1938. Klasse ascomycetes, reihe euascales. Unterreiche VIII. Tuberineae. In: Engler A,
Harms H, eds. Die natürlichen Pflanzenfamilien V. Verlag, Leipzig: Wilhelm Engelmann, 39.

Glejdura S, Kunca V. 2012. First record of Mattirolomyces terfezioides from Slovakia-the
Northernmost locality in Europe. Catathelasma 14:5–9.

Gógán Csorbainé A, Illyés Z, Dimény J, Merényi Z, Bratek Z. 2008. Choiromyces meandriformis
and Mattirolomyces terfezioides: peculiar truffles with new perspectives. Micologia Italiana
38(1):21–28.

He WP, Zhao SS, Wu Q, Wan S. 2019. Simulating evaluation and projection of the climate zones
over China by CMIP5 models. Climate Dynamics 52(5–6):2597–2612
DOI 10.1007/s00382-018-4410-1.

Huntley JC. 1990. Robinia pseudoacacia L. black locust. In: Burns RM, Honkala BH (tech coords),
eds. Silvics of North America. Volume 2. Hardwoods. Agriculture Handbook no. 654. Forest
Service. Vol. 2. Washington: U.S. Department of Agriculture, 755–761.

Huson DH, Bryant D. 2006. Application of phylogenetic networks in evolutionary studies.
Molecular Biology and Evolution 23(2):254–267 DOI 10.1093/molbev/msj030.

Ka KH, Jeon SM, Ryoo R, Kang JA, Hong KS. 2015. First record of Mattirolomyces terfezioides
and Tricholoma bakamatsutake in Korea. The Korean Journal of Mycology 43(2):125–128
DOI 10.4489/KJM.2015.43.2.125.

Kagan-Zur V, Akyuz M. 2014. Asian mediterranean desert truffles. In: Kagan-Zur V, Roth-
Bejerano N, Sitrit Y, Morte A, eds. Desert Truffles. Berlin: Springer, 159–171.

Kagan-Zur V, Roth-Bejerano N, Sitrit Y, Morte A. 2014. Desert truffles. Berlin: Springer, 397.

Wei et al. (2022), PeerJ, DOI 10.7717/peerj.13511 14/16

http://dx.doi.org/10.1093/oxfordjournals.molbev.a026036
http://dx.doi.org/10.1093/nar/gks1195
http://dx.doi.org/10.1007/s005720050136
http://dx.doi.org/10.1007/s00122-005-0076-2
http://dx.doi.org/10.1080/15572536.2003.11833230
http://dx.doi.org/10.1007/s00382-018-4410-1
http://dx.doi.org/10.1093/molbev/msj030
http://dx.doi.org/10.4489/KJM.2015.43.2.125
http://dx.doi.org/10.7717/peerj.13511
https://peerj.com/


Katoh K, Standley DM. 2013. MAFFT multiple sequence alignment software version 7:
improvements in performance and usability. Molecular Biology and Evolution 30(4):772–778
DOI 10.1093/molbev/mst010.

Keresztesi B. 1988. Black locust: the tree of agriculture. Outlook on Agriculture 17(2):77–85
DOI 10.1177/003072708801700207.

Kovács GM, Jakucs E, Bagi I. 2007. Identification of host plants and description of sclerotia of the
truffle Mattirolomyces terfezioides. Mycological Progress 6(1):19–26
DOI 10.1007/s11557-006-0520-y.

Kovács GM, Rudnóy S, Vágvölgyi C, Lásztity D, Rácz I, Bratek Z. 2001. Intraspecific invariability
of the internal transcribed spacer region of rDNA of the truffle Terfezia terfezioides in Europe.
Folia Microbiologica 46(5):423–426 DOI 10.1007/BF02814433.

Kovács GM, Trappe JM, Alsheikh AM, Hansen K, Healy RA, Vági P. 2011. Terfezia disappears
from the American truffle mycota as two new genera and Mattirolomyces species emerge.
Mycologia 103(4):831–840 DOI 10.3852/10-273.

Kumar S, Stecher G, Tamura K. 2016. MEGA7: molecular evolutionary genetics analysis version
7.0 for bigger datasets. Molecular Biology and Evolution 33(7):1870–1874
DOI 10.1093/molbev/msw054.

Kõljalg U, Nilsson RH, Abarenkov K, Tedersoo L, Taylor AFS, BahramM, Bates ST, Bruns TD,
Bengtsson-Palme J, Callaghan TM, Douglas B, Drenkhan T, Eberhardt U, Dueñas M,
Grebenc T, Griffith GW, Hartmann M, Kirk PM, Kohout P, Larsson E, Lindahl BD,
Lücking R, Martín MP, Matheny PB, Nguyen NH, Niskanen T, Oja J, Peay KG, Peintner U,
Peterson M, Põldmaa K, Saag L, Saar I, Schüßler A, Scott JA, Senés C, Smith ME, Suija A,
Taylor DL, Telleria MT, Weiss M, Larsson K-H. 2013. Towards a unified paradigm for
sequence-based identification of Fungi. Molecular Ecology 22(21):5271–5277
DOI 10.1111/mec.12481.

Liu Y, Shi G, Mao L, Cheng G, Jiang S, Ma X, An L, Du G, Johnson N, Feng H. 2012. Direct and
indirect influences of 8yr of nitrogen and phosphorus fertilization on Glomeromycota in an
alpine meadow ecosystem. New Phytologist 194(2):523–535
DOI 10.1111/j.1469-8137.2012.04050.x.

Mattirolo O. 1887. Illustrazione di trenuove specie di Tuberacee Italiane.Mem della Reale Accad Sc
Torino (Secondaserie) 38:377–393.

Moreno G, Alvarado P, Manjón JL. 2012. Phylogenetic affiliation of Choiromyces magnusii and
C. venosus Tuberaceae (Ascomycota) from Spain. Mycological Progress 11(2):463–471
DOI 10.1007/s11557-011-0762-1.

Neville J, Tessier JL, Morrison I, Scarratt J, Canning B, Klironomos JN. 2002. Soil depth
distribution of ecto-and arbuscular mycorrhizal fungi associated with Populus tremuloides
within a 3-year-old boreal forest clear-cut. Applied Soil Ecology 19(3):209–216
DOI 10.1016/S0929-1393(01)00193-7.

Osmundson TW, Robert VA, Schoch CL, Baker LJ, Smith A, Robich G, Mizzan L,
Garbelotto MM. 2013. Filling gaps in biodiversity knowledge for macrofungi: contributions and
assessment of an herbarium collection DNA barcode sequencing project. PLOS ONE
8(4):e62419 DOI 10.1371/journal.pone.0062419.

Palancean I, Alba N, Sabatti M, de Vries SMG. 2018. EUFORGEN technical guidelines for genetic
conservation and use for common walnut (Populus alba). In: European Forest Genetic Resources
Programme (EUFORGEN). Bonn: European Forest Institute, 6.

Pansu M, Gautheyrou J. 2007. Handbook of soil analysis-mineralogical, organic and inorganic
methods. Berlin Heidelberg New York: Springer-Verlag, 339.

Wei et al. (2022), PeerJ, DOI 10.7717/peerj.13511 15/16

http://dx.doi.org/10.1093/molbev/mst010
http://dx.doi.org/10.1177/003072708801700207
http://dx.doi.org/10.1007/s11557-006-0520-y
http://dx.doi.org/10.1007/BF02814433
http://dx.doi.org/10.3852/10-273
http://dx.doi.org/10.1093/molbev/msw054
http://dx.doi.org/10.1111/mec.12481
http://dx.doi.org/10.1111/j.1469-8137.2012.04050.x
http://dx.doi.org/10.1007/s11557-011-0762-1
http://dx.doi.org/10.1016/S0929-1393(01)00193-7
http://dx.doi.org/10.1371/journal.pone.0062419
http://dx.doi.org/10.7717/peerj.13511
https://peerj.com/


Peel MC, Finlayson BL, Mcmahon T. 2007. Updated world map of the Köppen-Geiger climate
classification. Hydrology and Earth System Sciences 4(2):439–473
DOI 10.5194/hess-11-1633-2007.

Ronquist F, Huelsenbeck JP. 2003. MrBayes 3: Bayesian phylogenetic inference under mixed
models. Bioinformatics 19(12):1572–1574 DOI 10.1093/bioinformatics/btg180.

Spinoni J, Vogt J, Naumann G, Carrao H, Barbosa P. 2015. Towards identifying areas at
climatological risk of desertification using the Köppen-Geiger classification and FAO aridity
index. International Journal of Climatology 35(9):2210–2222 DOI 10.1002/joc.4124.

Trappe JM. 1971. A synopsis of the carbomycetaceae and terfeziaceae (tuberales). Transactions of
the British Mycological Society 57(1):85–92 DOI 10.1016/S0007-1536(71)80083-9.

Trappe JM, Kovács GM, Claridge AW. 2010. Comparative taxonomy of desert truffles of the
Australian outback and the African Kalahari. Mycological Progress 9(1):131–143
DOI 10.1007/s11557-009-0612-6.

Wang XJ, Liu PG, Sun LH. 2017.Molecular and morphological data confirmed the presence of the
rare species Mattirolomyces terfezioides in China. Plant Diversity 39(2):89–93
DOI 10.1016/j.pld.2016.10.002.

White TJ, Bruns T, Lee S, Taylor JW. 1990. Amplification and direct sequencing of fungal
ribosomal RNA genes for phylogenetics. In: Innis MA, Gelfand DH, Sninsky JJ, White TJ, eds.
PCR Protocols: A Guide to Methods and Applications. New York: Academic Press Inc, 315–322.

Wei et al. (2022), PeerJ, DOI 10.7717/peerj.13511 16/16

http://dx.doi.org/10.5194/hess-11-1633-2007
http://dx.doi.org/10.1093/bioinformatics/btg180
http://dx.doi.org/10.1002/joc.4124
http://dx.doi.org/10.1016/S0007-1536(71)80083-9
http://dx.doi.org/10.1007/s11557-009-0612-6
http://dx.doi.org/10.1016/j.pld.2016.10.002
https://peerj.com/
http://dx.doi.org/10.7717/peerj.13511

	Distribution and phylogeography of the genus Mattirolomyces with a focus on the Asian M. terfezioides haplotypes
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusion
	flink6
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


